312               EFFECTS OF EXPOSURE TO LOW LEVELS OF IONIZING RADIATION

average dose to the affected part of the brain in such patients is assumed
to have been less than 0.15 Gy, the excess of intracranial tumors can be
calculated to exceed 5.8/104 PYGy. In atomic-bomb survivors no excess of
intracranial or other central nervous system tumors has been evident thus
far (La86, Pr87a).

In pioneer radiologists who entered practice in the United States
during the 1920s, mortality from brain cancer was about 3 times higher
than that in other medical specialists (Ma75); however, the numbers that
were exposed and the doses that they received are not known. Hence, the
magnitude of the risk per unit dose cannot be estimated (La86).

An association between intracranial meningiomas and previous medical
or dental radiography has been suggested by the results of a case-control
study of such tumors diagnosed during 1972-1975 in women of Los Angeles
County (Pr80). The strongest association (relative risk, 4.0, p < 0.01)
was with a history of exposure to full-mouth dental x-ray examinations at
a young age (<20 years). Radiation dose estimates were not reported.
Other series of patients in whom an excess of meningiomas occurred after
previous localized irradiation have been reported by Soffer et al. (So83)
and Rubinstein et al. (Ru84).

In monkeys exposed acutely to x rays, neutrons, or protons, the in-
cidence of glioblastoma multiforme has been observed to be increased at
high doses; for example, two of four rhesus monkeys exposed to 15 Gy
of x radiation delivered in a single exposure to the head alone developed
such tumors during the subsequent decade (Wa82). Similarly, the incidence
of such tumors was greatly increased in Macaca mulatto monkeys exposed
to whole-body fission neutron irradiation (Br81) or whole-body 55-MeV
proton irradiation delivered in a single exposure (Yo85). In the latter,
the incidence rose from zero at a surface dose of 2 Gy or less to about
30% at a surface dose of 6 Gy and 33% at a surface dose of 8 Gy. In
addition to glioblastomas, other types of intracranial tumors (ependymo-
mas, meningiomas, and pituitary adenomas) also occurred with increased
frequency, the total excess of intracranial tumors greatly exceeding that
of all other radiation-induced neoplasms combined. The incidence of in-
tracranial tumors in rats has been observed to be increased after acute
whole-body x-irradiation at doses in the range of 1-2 Gy (Kn82). A brain
tumor (oligodendroglioma) was also observed in 1 of 11 dogs exposed to
1.33 Gy of fast neutrons delivered to the head alone (Zo80).

Summary

Radiation has been observed to increase the incidence of nervous
system tumors in human populations and laboratory animals. The tumors
include malignant as well as benign growths of the brain, meninges, and